, etc. But in mammalian systems the problem has not been adequately explored. Results on transformation studies in intact animals are generally negative (Bearn, 1959; Kok, 1959; Shoffner et al., 1961; Svoboda and Haskova, 1959; Tigyi, Benedeczky and Lissak, 1959) . With ducks however some positive evidence has been recorded (Benoit et al., 1957; Novikov, Chepinoga and Lyubarskoya, 1961) . Genetic transformation has also been claimed in case of mammalian cells cultured both in vitro (Bradley et al., 1962; Kraus, 1961; Szybalska and Szybalski, 1962) and in vivo (Podgejetskaja, 1964) , although there are some cases of ambiguity in the interpretation of results on transformation (Bradley, Roosa and Law, 1962) . This ambiguity or failure has so far been variously accounted for by the presence of insufficient number of recipient cells (Florsheim, 1962) , high frequency of spontaneous mutation (Mathis and Fisher, 1962) , the non-specific protective action of DNA (Bradley et al., 1962) and lack of penetration of exogenous DNA (Yoon, 1964; Yoon and Sabo, 1964) . That there are even cases in which the reported results could not be confirmed further complicate interpretation of data on mammalian transformation (Szybalska and Szybalski, 1962) . In the present work a study has been made on DNA mediated genetic transformation of a clonal cell line of human uvular carcinoma isolated in this laboratory with reference to 6-azathymine (purchased from M/s. Sigma Chemical Company, U.S.A.) resistance marker.
MATERIALS AND METHODS

Cell line
A. Parental cell line is a clone obtained from a primary culture of human uvular carcinoma and subsequently maintained in liquid suspension culture.
B. Resistant cell line is an isolate in a single step at 40.O mM/ml. level of 6-azathymine. In developing resistance, the sensitive cell line was cultivated in solid media (Majumdar and Bose, 1964 For solid culture Eagle's basal medium containing 1 % washed agar was used.
Isolation of DNA
For isolation the modified phenol deproteinisation method of Kirby (Saito and Miura, 1963) was adopted. Resistant cell population grown in 1 litre medium for 72 hours at 370 C. in shake culture was harvested by centrifugation at 1000-1200 r.p.m. (O C.) and washed once with saline-EDTA and resuspended in 6 ml. of saline-EDTA to which 50 ml. of Tris-sodium dodecyl sulphate solution was added. It was then frozen and thawed 4 times. Deproteinisation was done by equal volume of water saturated phenol (pH 9), and finally DNA precipitated by double volume of 95 % ethanol at 40 C. and dissolved in saline citrate solution (NaCl 0 15 iu + Na3-citrate 0.015 M). It was then dialysed overnight at 4°C. against the same saline citrate solution and stored at the same temperature. DNA was estimated by diphenyl amine method of Burton (1956) .
Labelling of DNA For labelling, cells were grown in bulk medium to which [32P1] KH2PO4 was added. And subsequently labelled DNA was isolated following the method described above.
Technique of transformation
In a typical transformation experiment 16 x 106 competent cells (42-44 hours of age), were washed once with balance salt solution (8-0 g. NaCl, 0 4 g. KCI, 0 35 g. NaHCO3, 1-0 g. glucose per litre of water) and resuspended in phosphate buffered saline solution (7-0 g. NaCl, 0 4 g. KC], 2-75 g. Na2HP04, 0-25 g. NaH2PO4, 1-0 g. glucose per litre of water) containing 100 ,ug. spermine-HCl and 30 jtg. donor DNA. The volume of the reaction mixture was adjusted to 2 ml. It was then incubated for 15 minutes at 37°C. Thereafter it was diluted hundred fold by non-selective basal medium and immediately plated in selective medium for 0 hour mutation. For phenotypic delay a definite aliquot of the diluted suspension was centrifuged, resuspended in the same volume of the non-selective medium overnight and plated as before.
RESULTS
Competency of the recipient population
The competency of the recipient population was measured in terms of labelled DNA uptake (Fig. 1) . In all, 3 parallel sets of experiments were performed using different DNA preparations having different specific activities. It appears that the uptake curves in case of hydrolysed DNA varies from preparation to preparation. With one preparation there is a continuous rise (Fig. 1 , curve I B), with a second more than one peak ( Fig. 1 , curve II B) and with a third a single peak in the curve (Fig. 1 , curve III B). In the uptake of native DNA all the 3 different preparations behave basically in the same way, in the sense that there is a single peak in the uptake, although a plateau (obviously due to insufficient data) has been observed in one case only (Fig. 1 , curve I A). These peaks are again very sharp being at the forty second hour of cell growth. It may be taken to mean that the cells are competent only at the specific hour of growth and that competency persists only for a very short time in the generation cycle. 
Transformation reaction
Transformation reaction in the given system was performed with respect to 6-azathymine resistance marker, the donor DNA being obtained from the resistant cell line isolated at a concentration of 40.0 mM/ml. of the drug. Ten independent experiments were carried out using six different DNA preparations. The results are given in the Table I , and their statistical analysis in the Table II A and II B. It appears that DNA has no growth accelerating effect on the given cell line both at zero hour plating (Table II A, Column A1 and B1), and at 24 hours plating (Table II A , Column A2 and B2). The significantly higher colony count scored in selective medium in DNA treated system (Table I , Column A3, A4) over the control (Table I , Column B3, B4) may be taken as a positive evidence in favour of transformation (Table II A Table I indicates the absence of any increase in the value of spontaneous mutation (Table II A, B3 and B4). So the columns A3 and A4 of the Table I were directly analysed which shows that there is no phenotypic delay in the system (Table II A, A3 and A4). It seems desirable on account of the large spread in plating efficiency of drug sensitive and resistant cells to compare statistically the percentage of cells plated in absence and in presence of the drug with and without DNA. The independent tests so carried out (Table 11 B) indicate the data to be significant at 1 % level which supports the claim already made in favour of DNA mediated genetic transformation (Table II A) .
Effect of deoxyribonuclease and ribonuclease on the transforming activity of the preparation
The effect of deoxyribonuclease and ribonuclease on the transformning activity of the preparation was studied (Table III) and the data statistically analysed (Table IV ). It appears that native DNA, deoxyribonuclease treated or ribonuclease treated DNA has no growth accelerating effect on the cell line both at zero hour plating (Table IV, Columns A and B, C and B, D and B) and at 24 hours (Table IV , Columns A1 and B1, C1 and B1, D1 and B1). The colony counts recorded in column A2 and C2 are significantly higher thant those in B2 in Table  IV , which again supports transformation. No significant difference in the colony counts has been observed between A2 and D2 and B2 and C2, which indicates that the transforming activity of the preparation is ribonuclease insensitive but deoxyribonuclease sensitive.
On statistical analysis of the data of the columns B2 and B3 in Table IV , no significant difference in the count has been observed, which shows that there is no increase in the number of spontaneous mutants between zero hour and 24 hours plating. Consequently the data of the columns (A2 and A3, C2 and C3, D2 and D3) were directly compared statistically. Absence of any significant difference may be taken to mean that there is no phenotypic delay in genetic expression, as observed before.
Effect of isologous and also unrelated DNA on the transforming activity of the preparation
In this experiment standard L-strain, and sensitive parent strain were used as the source of heterologous and isologous DNA respectively. The effect was studied in 2 different concentrations (Table V) . Isologous DNA does not affect, or does so very slightly, the colony count in non-selective medium. But in selective medium it adversely affects the count. Heterologous DNA on the other hand definitely decreases the colony count both in the non-selective and also in the selective medium. This may be taken to mean that the DNA preparations whether isologous or heterologous do not at any rate antagonise the action of the drug. Standardisation of conditions for DNA mediated genetic transformation. The conditions so far worked out to secure maximum transformation in the present system relate to pH, temperature, DNA concentration, and duration of DNA exposure. The results are graphically represented in Fig. 2, 3 , 4 and 5. Transformation occurs best at pH 7-2 (Fig. 2) and at 370 C. (Fig. 3) . Under these 4- second hour of growth phase were exposed to 15 pug./ml. of donor DNA for 15 minutes, pH 7-2 at different temperatures as given above and then plated in presence and also in absence of 40 0 mM/ml. of 6-azathymine.
conditions the saturating DNA concentration appears to be 15 ,ag./ml. (Fig. 4) and the minimum time of exposure for maximum transformation at the saturating concentration is about 15 minutes (Fig. 5) . malignant tissue material saccording to the specific requirements after the operations. The work was supported financially by the Indian Council of Medical Research, New Delhi.
